INTRODUCTION
The intensification of coal-conversion-processes such as atmospheric fluidized-bed combustion (AFBC) and coal gasification results in an increasing need for materials resistant to aggressive environments. Plants built for these purposes produce temperatures in the range l100-1200K, which minimizes the formation of NOx and SO2. Even if cooling of the components to 823 K is possible, most construction materials cannot be used in practice where useful lifetimes of at least one or usually more years are required. This means that protective coatings (metallic or ceramic) could be the solution to increase the lifetime of the components. Under practical conditions, high-temperature components always undergo a certain deformation, because of mechanical and/or thermal stresses. These stresses are transferred to the protective coatings, which are probably susceptible to cracking under stress.
Protective ceramic coatings were applied to metal surfaces using a sol-gel technique roughly similar to that developed at the Materials Development Division, AERE Harwell. 1'2-4 This technique is based on the use of sols consisting of colloidal units of hydrous oxides or hydroxides. The sol is applied by electrophoresis or dipping, then dried, and finally fired up to 1123 K. On drying, i.e., removing the water between the colloidal units, the sol is converted to a gel. This is a reversible process, which means that the gel can be reconverted to the sol by the addition of water. Finally, on firing at 1123 K, the gel is irreversibly transformed to a ceramic. Thus the sol-gel technique is a three stage procedure: (1) dipping/electrophoresis, (2) drying (sol+gel), and (3) firing (gel+ceramic). In this way, cerium oxide was deposited on Incoloy 800H.
It is known that alloys with a sufficiently high chromium content, forming a chromium oxide layer in oxidizing environments, are resistant to oxidizing gases. This oxide layer is in most cases not resistant to sulfidizing conditions. The influence of superficially applied oxides of rare earth metals has been investigated only in oxidizing environments. 1'5
It was found that cerium oxide containing coatings significantly improve the oxidation and spallation resistance of high-alloy steels in oxidizing environments. Until now, a few studies have been reported regarding their protection against sulfidation. 2-4 It was suggested that the adsorption of Ce 4+ ions on the oxide grain boundaries hinders grain growth under oxidizing circumstances, resulting in a better adherence to the substrate due to enhanced plasticity of the oxide. 1"5
Deformation of the metal may finally lead to cracking of the protective layer. Schfitze 6 studied the deformation and cracking behavior of oxide scales formed in air on heat-resistant steels by constant-extension-rate tests. The deformation behavior of the oxide scale (thickness -15 tzm) in air under tensile strain was explained by three contributions: elastic deformation, plastic deformation, and lateral growth. The strain to cracking of the oxide scale on alloy 800H at 1073 K at strain rates between 10 -6 and 10 -8 sec -1 was observed to lie between 0.09 and 0.50%. This paper reports on a study concerning the mechanical properties of ceramic coatings containing cerium. The ceramic coatings were applied by electrophoretic deposition from sols. The influence of cerium on the corrosion resistance of high-temperature alloys will be published in a subsequent paper. The deformation and cracking behavior in oxidizing and
